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Method and Apparatus for Thermally Treating 
Disk-Shaped Substrates 

The present invention relates to a method and an apparatus for 
thermally treating disk-shaped substrates, especially semiconductor 
wafers, in a rapid heating unit having at least one first radiation source, 
which is spaced from the substrate, for heating at least one substrate, 
whereby the substrate is heated in a heating phase and is cooled in a 
subsequent cooling phase. 

Various methods and apparatus of this type are known in the 
semiconductor industry. Rapid heating units, which are also known as 
RTP units (Rapid Thermal Processing units) can have various 
constructions in order to bring semiconductor wafers to temperatures 
over 300®C within very short time periods, and to subsequently again 
cool them. 

With one known RTP unit, a semiconductor wafer is vertically moved 
up and down in a process chamber by a mechanical handling 
mechanism, whereby within the process chamber a radially 
symmetrical and vertically changing temperature field that is constant 
over time is provided. This permits a rapid heating of the wafer to the 
desired temperature. However, there is the problem of achieving 
homogeneous temperatures over the wafer over time, since with this 
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type of apparatus no compensation possibilities are provided for 
temperature inhomogeneities over the wafer. 

With an alternative RTP unit, the semiconductor wafers are heated by 
radiation sources, especially halogen lamps and/or arc lamps. One 
example of such an RTP unit is described in applicant's DE 199 05 524 
A. With this RTP unit, semiconductor wafers are transported into a 
process chamber having upper and lower quartz walls, and are placed 
upon quartz pins within the process chamber. Heating of the substrate 
is effected by heating lamps, such halogen lamps, that are disposed 
above and below the process chamber and that are respectively 
arranged in upper and lower banks of lamps. By appropriate control of 
the lamps of the upper and lower bank of lamps, temperature 
inhomogeneities over the surface of the substrate can be well 
compensated for. Furthermore, the quartz lamps enable a high heating 
rate of the wafer. 

However, this known unit has the problem that the wafers are placed 
upon substrate pins, as a result of which scratches can result in the 
surface of the wafer during heating and expansion of the wafer. 
Furthermore, localized temperature gradients occur at or in the vicinity 
of the support points. As a result, so-called dislocations or dislocation 
lines result in the crystalline structure of the semiconductor wafer, and 
can adversely affect the function of the wafer. 
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Furthermore, the known units have the problem that, although they 
enable a rapid heating of the wafer, no cooling is possible at the same 
rate. This is due to the fact that the cooling of the wafer is essentially 
effected only via thermal radiation emitted from the wafer. Although it 
would be conceivable to at least partially achieve a cooling by a gas 
stream within the process chamber, this has the inherent problem that 
the gas stream can produce temperature inhomogeneities over the 
surface of the substrate. 

It is therefore an object of the present invention to enable a rapid 
cooling of substrates in a rapid heating unit. Furthermore, it is also an 
object of the present invention to eliminate the problems resulting from 
support elements. 

Pursuant to the invention, the object of the invention is realized by a 
method of the aforementioned type in that during at least a portion of 
the cooling phase, the substrate is held at a distance of between 50pm 
and 1mm from a heating/cooling plate. Due to the closeness of the 
substrate to the heating/cooling plate, there results a heat conductance 
between them that enables a higher cooling rate of the substrate. 
Since the substrate is held at a distance, no contact points result 
between them that can lead to the aforementioned shortcomings. The 
distance is preferably between 150 and 500pm. 
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Pursuant to a particularly preferred embodiment of the invention, the 
substrate is supported in the rapid heating unit by ultrasonic levitation 
during the thermal treatment. The ultrasonic levitation enables a non- 
contact support of the substrate, and furthermore enables the support 
of the substrate at a distance between 50|jm and 1mm. especially 
between 150 and SOOpm. The heating/cooling plate preferably has a 
first ultrasonic electrode, so that the ultrasonic levitation, and the 
adjustment of the distance, can be effected by the heating/cooling 
plate. In this connection, the first ultrasonic electrode has at least one 
flat radiation surface that essentially corresponds to the shape and size 
of the substrate, so that the entire surface of a substrate is supported 
at an essentially uniform distance, and a uniform cooling of the 
substrate is also possible over its entire surface. 

Pursuant to one embodiment of the invention, the first ultrasonic 
electrode has at least one radiation surface that is inclined relative to 
the flat radiation surface, and by means of which the substrate is held 
in a prescribed lateral position. The inclined radiation surface in 
particular enables a centering of a substrate relative to the flat radiation 
surface. 

Pursuant to a further embodiment of the invention, at least one second 
ultrasonic electrode is provided that is angled relative to the first 
ultrasonic electrode and/or is movable relative thereto. As a 

4 of 49 

Literal Translation of PCT/EP2003/01 3388 filed 25 July 2003 / Klaus Funk / Mattson Thermal 

Products / MAT-3633 



consequence of the angled second ultrasonic electrode, a lateral 
positioning of the substrate can again be undertaken. Due to the 
movable ultrasonic electrode, it is possible to move the substrate 
relative to the heating/cooling plate and to alter the distance between 
heating/cooling plate and substrate during the thermal treatment. The 
substrate is preferably held in a prescribed lateral position by the 
second ultrasonic electrode. 

Pursuant to a particularly preferred embodiment of the invention, the 
substrate is held at a greater distance relative to the heat sink 
(preferably greater than SOOpm) during the heating phase in order to 
keep the thermal losses in this phase low, and then during an initial 
portion of the cooling phase holding the distance of the wafer between 
50jjm and 1mm, in particular between 150 and SOOpm from the 
heating/cooling plate, and during the following portion of the cooling 
phase holding the substrate at a greater distance relative to the 
heating/cooling plate. This enables a controllable, initial rapid cooling 
of the substrate via heat conductance, followed by a less rapid cooling 
phase via thermal radiation emitted from the substrate. In this way a 
preferred cooling profile can be set. For a cooling that is as efficient 
and rapid as possible, the substrate is spaced from the heating/cooling 
plate by a distance of between SOpm and 1mm, in particular between 
150 and 500^jm, until it has essentially reached the temperature of the 
heating/cooling plate. In this connection, the heating/cooling plate 
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preferably has a thermal mass that is considerably greater than that of 
the substrate so that the temperature of the heating/cooling plate is 
essentially not affected by the heat absorbed by the substrate. The 
transverse conductivity of the heat can, by suitable selection, produce 
a desired temperature profile; in particular, a high thermal conductivity 
or a high temperature homogeneity can be ensured. 

Pursuant to a preferred embodiment of the invention, the temperature 
of the heating/cooling plate is controlled in order in this way to enable a 
prescribed heating/cooling profile. 

To enable heating of both sides of the substrate via spaced radiation 
sources, the heating/cooling plate is preferably essentially transparent 
for the radiation of the radiation source. To achieve an efficient 
cooling, the heating/cooling plate is, in contrast, essentially opaque for 
thermal radiation originating from the substrate. 

Pursuant to an embodiment of the invention, at least one second 
radiation source is provided on that side of the heating/cooling plate 
facing away from the substrate, whereby the heating/cooling plate is 
essentially opaque for the radiation of the second radiation source, and 
the heating/cooling plate is heated at least partially during the thermal 
treatment by the second radiation source. This enables a heating of 
the heating/cooling plate in order to bring it to a prescribed 
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temperature. During the heating of the substrate, this enables a 
heating via the heating/cooling plate, which is advantageous since 
semiconductor wafers, depending upon their configuration, are 
frequently essentially transparent below a temperature of 600®C for the 
radiation sources, such as halogen lamps, that are used. In this 
connection, the second radiation source preferably has a different 
wavelength from the first radiation source in order, if necessary, to 
enable the heating/cooling plate to be transparent to radiation 
originating from the first radiation source in order to act directly upon 
the substrate. 

Pursuant to an alternative embodiment of the invention, the 
heating/cooling plate has at least one chamber for receiving a fluid that 
can be used either for heating and/or cooling the heating/cooling plate. 
In particular during an initial portion of the heating phase, a fluid that 
absorbs the radiation of the first radiation source is introduced into the 
heating/cooling plate in order to heat the heating/cooling plate. If it is 
desirable for the radiation originating from the first radiation source to 
act directly upon the substrate, a fluid that is transparent for the 
radiation is introduced into the heating/cooling plate. This allows the 
transparency of the heating/cooling plate to be varied in a desired 
manner during the thermal treatment of the substrate. In this 
connection, the respective fluid can be statically held within the 
heating/cooling plate, or it can be constantly conveyed therethrough, 

7 of 49 

Literal Translation of PCT/EP2003/013388 filed 25 July 2003 / Klaus Funk / Mattson Thermal 

Products / MAT-3633 



and in particular especially for cooling the heating/cooling plate if it is 
necessary to do so. 

In order to also efficiently use the heating/cooling plate during the 
heating phase, the at least one substrate is supported at a distance 
from the heating/cooling plate at least during a portion of the heating 
phase at a distance between SOpm and 1mm, in particular between 
150 and 500pm, In this connection, the at least one substrate is 
preferably supported at a distance from the heating/cooling plate during 
an initial portion of the heating phase at a distance of between 50pm 
and 1mm. in particular between 150 and 500|jnn, and during the 
following portion of the heating phase is supported from the 
heating/cooling plate at a greater distance. As a result, during the 
initial portion a rapid heating is possible at least partially via heat 
conductance, whereby during the following portion a heating is made 
possible exclusively via the radiation of the radiation sources, which, in 
a known manner, have a higher dynamic. 

To homogenize the temperature of the substrate over its entire surface, 
20 the substrate is rotated at least during portions of the thermal 

treatment. In this connection, the substrate is preferably rotated via a 
rotating noise field in order to enable a non-contact rotation. 

8 of 49 

Literal Translation of PCT/EP2003/0 13388 filed 25 July 2003 / Klaus Funk / Mattson Themnal 

Products / MAT-3633 



10 



Pursuant to an alternative embodiment of the invention, the substrate is 
rotated by rotation of the heating/cooling plate and/or by rotation of at 
least one ultrasonic electrode, whereby the rotation of the 
heating/cooling plate and/or of the ultrasonic electrode also effects the 
rotation of the substrate, even if they are not in direct contact. 

Pursuant to a further alternative embodiment, the substrate is rotated 
by a gas stream directed thereon in order to again enable a non- 
contact rotation. 

The object of the invention is also realized by a method of the 
aforementioned type in that during the thermal treatment, the substrate 
is supported in the rapid heating unit via ultrasonic levitation. The sole 
use of ultrasonic levitation enables a non-contact support, as a result of 
which the problems that result from a contact support are avoided. 

Pursuant to a preferred embodiment of the invention, the distance 
between a first ultrasonic electrode and the substrate is altered during 
the thermal treatment in order to vary a thermal coupling between the 
ultrasonic electrode and a substrate during the thermal treatment 
pursuant to prescribed process parameters. 
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The aforementioned methods and various embodiments can preferably 
be freely combined with one another in order to obtain a desired 
configuration. 

The object of the invention is realized by an apparatus for the thermal 
treatment of disk-shaped substrate, especially semiconductor wafers, 
in a rapid heating unit having at least one first radiation source, spaced 
from the substrate, for heating at least one substrate in that at least 
one first ultrasonic electrode for the non-contact support of the 
substrate in the rapid heating unit is provided. The provision of an 
ultrasonic electrode enables the non-contact support of substrates in a 
rapid heating unit, and thus prevents the problems that result from 
contact elements during heating. 

The first ultrasonic electrode preferably has at least one flat radiation 
surface that corresponds to the shape and size of the substrate in 
order to support the substrate in a laminar manner. Furthermore, 
localized temperature inhomogeneities in the substrate are prevented 
since the ultrasonic electrode extends over the entire substrate. 

To enable a non-contact support of the substrate that is as close as 
possible, a control device is preferably provided for operating the first 
ultrasonic electrode in the short-range field. If the first ultrasonic 
electrode is operated in the short-range field, the distance between 
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substrate and ultrasonic electrode can be set so low that with available 
atmospheric units or units in the sub-atmospheric region, a heat 
conductance is possible between them without producing an actual 
contact. Such a heat conductance can offer the advantages mentioned 
above with reference to the method, in particular during a cooling 
phase and/or a heating phase. In this connection, the first ultrasonic 
electrode preferably forms a heating/cooling plate, or it is in thermally 
conductive contact with a heating/cooling plate, whereby the 
heating/cooling plate has a thermal mass that is considerably greater 
than that of the substrate. In this way, the heating/cooling profile of the 
substrate can be advantageously influenced during a thermal 
treatment. The first ultrasonic electrode is preferably a coating of the 
heating/cooling plate. 

Pursuant to one embodiment of the invention, the first ultrasonic 
electrode has at least one radiation surface that is inclined relative to 
the flat radiation surface and that enables a lateral positioning of the 
substrate. 

Pursuant to a further embodiment of the invention, at least one second 
ultrasonic electrode, which is angled and/or movable relative to the first 
ultrasonic electrode, is provided. The angled ultrasonic electrode 
enables a lateral positioning, and by providing a movable ultrasonic 
electrode the distance between substrate and first ultrasonic electrode 
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can be adjusted in a straightforward manner in order to alter the 
thermal coupling between them. 

The second ultrasonic electrode preferably has a ring-shaped form, 
whereas with an alternative embodiment at least three second 
ultrasonic electrodes are disposed on a circular line. Both 
embodiments enable a centering of the substrate in a simple and 
economical manner. With the embodiment having at least three 
second ultrasonic electrodes disposed on a circular line, these 
electrodes are preferably movable radially relative to a center point of 
the circular line and/or vertically in order in this manner to enable a 
change of the height of the substrate within a process chamber. 

At least one ultrasonic electrode is advantageously disposed on a 
15 compensation ring that radially surrounds the substrate in order during 

the thermal treatment to provide a temperature compensation in the rim 
regions of the substrate. In this connection, the ultrasonic electrode is 
preferably inclined relative to a plane of the compensation ring in order 
to achieve a centering of the substrate relative to the compensation 
20 ring. 

Pursuant to one embodiment of the invention, a device is provided for 
controlling the temperature of the heating/cooling plate in order by 
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10 



means of the heating/cooling plate to achieve a heating/cooling of the 
substrate in a desired manner in addition to the radiation sources. 



The heating/cooling plate is preferably essentially transparent for the 
5 radiation of the radiation source in order not to adversely affect the 

radiation field of the radiation source and hence the dynamic 
connected therewith. In this connection, however, the heating/cooling 
plate is preferably essentially opaque for the thermal radiation 
originating from the substrate in order in particular during a cooling 
10 phase to absorb this radiation and enable a rapid cooling of the 

substrate. 



Pursuant to an embodiment of the invention, for controlling the 
temperature of the heating/cooling plate at least one second radiation 

15 source is provided on that side of the heating/cooling plate that faces 

away from the substrate, whereby the heating/cooling plate is 
essentially opaque for the radiation of the second radiation source. In 
this connection, the second radiation source preferably has a different 
wavelength than does the first radiation source, so that the 

20 heating/cooling plate can be essentially transparent for the radiation of 

the first radiation source. 



Pursuant to a further embodiment of the invention, the heating/cooling 
plate has at least one chamber for the introduction of the 
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heating/cooling fluid. In this connection, a control device for the 
selective introduction of different heating/cooling fluids is furthermore 
preferably provided, whereby at least one cooling fluid is transparent 
for the radiation originating from one of the radiation sources, while a 
second heating/cooling fluid is opaque for radiation originating from 
one of the radiation sources. 

The apparatus preferably has a device for generating a rotational 
impulse for the substrate in order to rotate the latter during the thermal 
treatment. In this connection, pursuant to one embodiment of the 
invention the device is provided with a control mechanism for 
producing a rotating sound field and/or a device for rotation of the 
heating/cooling plate, or at least one of the ultrasonic electrodes, about 
a prescribed point of rotation, and/or at least a gas nozzle directed onto 
the substrate. 

The present invention is particularly suitable for a thermal treatment of 
semiconductor wafers, whereby radiation sources for heating the 
semiconductor wafer are disposed on both sides of the semiconductor 
wafer. However, it is also possible to utilize the principles of the 
present invention with a rapid heating unit where a heating of the 
substrate is effected by radiation sources disposed on only one side, or 
with a system where the substrate is treated by vertical displacement in 
an oven having different temperatures at different levels. 
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The invention will subsequently be explained In greater detail with the 
aid of preferred embodiments of the invention with reference to the 
drawings, in which: 

Fig. 1 shows a schematic sectional view through a rapid heating unit 
of the present invention; 

Fig. 2a 

and 2b show schematic sectional views of an inventive ultrasonic 
electrode arrangement pursuant to a first embodiment of the 
invention in different operating positions; 

Fig. 3a 

and 3b show schematic side views of an alternative ultrasonic 
electrode arrangement of the present invention in different 
operating positions; 

Fig. 4a 

and 4b show schematic sectional views of a further embodiment of 

ultrasonic electrodes pursuant to the invention in different 

operating positions; 
Fig. 5 shows a schematic plan view onto an ultrasonic electrode 

arrangement of one embodiment of the invention; 
Fig. 6 shows a schematic side view of an alternative ultrasonic 

electrode arrangement pursuant to the invention; 
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Fig. 7 shows a schematic sectional view through a rapid heating unit 

having an ultrasonic electrode pursuant to a further 

embodiment of the invention; 
Fig. 8 shows an enlarged sectional illustration of the ultrasonic 

electrode of Fig. 7; 
Fig. 9 shows an altemative embodiment of an ultrasonic electrode; 
Fig. 10 shows a plan view onto a temperature-compensation ring 

having ultrasonic electrodes mounted thereon pursuant to an 

embodiment of the invention; 

Fig. 11a 

and 11b show sectional views of ultrasonic electrode arrangements 
having a compensation ring in different operating positions; 

Fig. 12 shows a sectional view through a rapid heating unit having an 
ultrasonic electrode pursuant to a further embodiment of the 
invention; 

Fig. 13 shows an enlarged illustration of an ultrasonic electrode 
pursuant to a further embodiment of the present invention. 

Fig. 1 shows a sectional view through a rapid heating unit 1 that is 
provided with an outer housing 3, Provided within the housing 3 are 
upper and lower banks of lamps 4 and 5 respectively that can, for 
example, be formed by rod-shaped lamps 6 that extend into the plane 
of the drawing sheet. Provided below the upper bank of lamps 4 is a 
wall 7 that is made, for example, of quartz glass and that is transparent 
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for the radiation of the lamps 6. Provided above the lower bank of 
lamps 5 is a corresponding transparent wall 8. Together with 
appropriate side walls of the housing 3, the walls 7, 8 form between 
them a process chamber 10. 

Provided within the process chamber 10 is an ultrasonic electrode 
arrangement 13 for the non-contact support of a semiconductor wafer 
14 within the process chamber 10. 

The ultrasonic electrode arrangement 13 has a first, flat electrode 16 
that has a peripheral shape, such as a circular shape, that corresponds 
to the substrate 14. The peripheral dimensions of the electrode 16 are 
slightly greater than the substrate itself. The electrode 16 is made of a 
material that is essentially transparent to the radiation of the lamps 6 of 
the lower bank of lamps 5, so that during a thermal treatment, the 
semiconductor wafer 14 can be heated essentially directly by the lamps 
6 of the lower bank of lamps 5. 

As will be explained in greater detail subsequently with reference to 
Fig. 5, the electrode 16 has recesses for receiving second electrodes 
18, which are inclined relative to the first electrode 16. The angle 
formed between the electrode 16 and the electrodes 18 is preferably 
between 0.5 to 10°, although to facilitate illustration a larger angle is 
illustrated in Fig. 1. The electrodes 18 are again made of a material 
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that is essentially transparent for the radiation of the lamps 6 of the 
lower bank of lamps 5 in order not to adversely affect heating of the 
wafer 14 by the lamps 6 of the lower bank of lamps 5. Pursuant to the 
presently preferred embodiment of the invention, at least three 
ultrasonic electrodes 18 are provided, although some other number 
would also be conceivable. 

As illustrated in Figures 2a and 2b, the second electrodes 18 are 
movable in the vertical direction relative to the first electrode 16 via a 
non-illustrated device. 

The first electrode 16 and the second electrode 18 are respectively 
connected to non-illustrated control devices, whereby they could also 
be connected with a common control device. The control device or 
devices can operate the ultrasonic electrodes in the short-range field 
and/or remote field. 

The ultrasonic electrode 16 can be mounted on a heating/cooling body 
that is transparent for the radiation of the lamps 6 and can be in 
thermal contact therewith, or can itself be embodied as a 
heating/cooling body. In this connection, the ultrasonic electrode 16 
and/or the heating/cooling body has a considerably greater thermal 
mass than does the wafer 14. For this purpose, means can be 
provided for the active heating and/or cooling of the ultrasonic 
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electrode 16 or of the heating/cooling body that is in conductive contact 
therewith. For example, a fluid chamber, or a fluid conduit for allowing 
a heating and/or cooling fluid to pass through, can be provided in the 
ultrasonic electrode 16 and/or in the heating/cooling body. It is in 
particular possible, during different treatment stages, to conduct 
different fluids through the electrode 16 or the heating/cooling body, or 
to hold different fluids therein. By means of the fluid it would also be 
possible to alter the transmissivity of the electrode or of the 
heating/cooling body. Thus, for example at specific phases of the 
wafer treatment, a fluid that is essentially non-transparent for the lamp 
radiation can be provided so that the fluid absorbs the radiation, is 
heated thereby, and radiates the heat to the electrode 16 or to the 
heating/cooling body. A heating of a wafer 14 disposed thereabove 
can then be effected via the heating/cooling body. In the same 
manner, the fluid could also absorb thermal radiation emitted from the 
wafer 14 during a cooling of the wafer. 

The operation of the rapid heating unit 1 will be explained in greater 
detail subsequently with the aid of the embodiment shown in Figures 1 
and 2. 

A semiconductor wafer 14 is transported into the process chamber 10 
by means of a non-illustrated handling device, with the ultrasonic 
electrode arrangement being in the position shown in Fig.2b. The 
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ultrasonic electrodes 18 are controlled by their control device, so that 
they support the wafer 14 that was transported into the vicinity of the 
ultrasonic electrodes 18 by the handling device. In this connection, the 
ultrasonic electrodes 18 were operated in such a way that they 
supported the wafers 14 in the remote field. Due to the inclined 
position of the ultrasonic electrodes 18, a centering of the wafers 14 
relative to the ultrasonic electrode 16 and 18 results. The handling 
device is removed from the process chamber 10 and the process 
chamber 10 is closed. Subsequently, the process chamber 10 can be 
filled with a suitable processing gas to the extent that this is necessary. 
The ultrasonic electrodes 18 are now moved vertically downwardly into 
the position shown in Fig. 2a, and the ultrasonic electrode 16 is 
controlled in such a way that it supports the wafer 14 in a non-contact 
manner in the short-range field. 

The ultrasonic electrode 16, or a heating/cooling body in contact 
therewith, (subsequently reference is made only to the ultrasonic 
electrode 16), was first brought to an increased temperature of, for 
example, 650^C. This heating is possible in various ways, for example 
by a resistance heating, or by heat absorption from lamp radiation, for 
example if the ultrasonic electrode 16 is filled with a fluid that is non- 
transparent for the radiation of the lamps. 
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While the wafer 14 is held by the ultrasonic electrode 16 in the short- 
range field, the distance between the wafer 14 and the ultrasonic 
electrode is between 50|jm and 1mm, preferably between 150 and 
500pm. A conductance of heat between these two elements is 
therefore essentially possible. Since the ultrasonic electrode 16 has a 
considerably greater thermal mass than does the wafer 14, it is rapidly 
heated to the vicinity of or to the temperature of the ultrasonic electrode 
16. At the same time, the upper and the lower banks of lamps 4, 5 can 
be activated in order to additionally heat the wafer by lamp radiation, 
although wafers are, for the most part, generally transparent for the 
lamp radiation below temperatures of about 600<»C (depending upon 
the respective configuration of the wafer). Thus, during a starting 
phase of a thermal treatment, the ultrasonic electrode 16 serves as a 
heating body for the wafer 14 and heats the latter not only via themial 
radiation emitted from the ultrasonic electrode 16 but also by heat 
conductance. This is possible since during the operation of the 
ultrasonic electrode 16 in the short-range field, an adequately small 
gap is formed between the wafer 14 and the ultrasonic electrode 16, 
thus enabling a heat conductance. 

While the wafer 14 is held in the short-range field over the ultrasonic 
electrode 16, a static air column advantageously fomns in the narrow 
gap between wafer and electrode. This air column does not change 
the process atmosphere found in the process chamber, and 
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furthermore also does not effect any gas flows that could produce 
temperature Inhomogeneities at the wafer 14. 

During this Initial heating phase, the ultrasonic electrodes 18 can be 
turned off, or they can be operated further, for example in the short- 
range field, to continue to provide a centering of the wafer. 

If the wafer 14 has reached a specific target temperature, for example 
600°C, the ultrasonic electrodes 18 are again moved vertically Into the 
position shown in Fig. 2b. so that the wafer 14 is spaced from the 
ultrasonic electrode 16 and is essentially supported only by the 
ultrasonic electrodes 18. It would, of course, also be conceivable to 
control the ultrasonic electrode 16 in the short-range field, so that the 
wafer 14 Is additionally supported by the ultrasonic electrode 16, and 
the electrodes 18 exclusively provide a centering of the wafer. The 
distance between the wafer 14 and the ultrasonic electrode 16 is now 
so great that a heat conductance between them is no longer significant. 
A further heating of the wafer 14 is now effected only by the upper 
and/or lower bank of lamps 4. 5, whereby at the latest at this point in 
time the ultrasonic electrode 16 should be filled with a fluid that is 
transparent for the radiation of the lower bank of lamps 5 to the extent 
that an appropriate fluid chamber is provided. 
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By means of the lamp radiation, the wafer 14 is now rapidly heated to 
its target temperature, which can, for example, be greater than lOOO^C. 
Due to the dynamics of the lamps, a very rapid heating is possible and 
the heating can be adapted to a desired heating profile. If the wafer 14 
is to be cooled off, either immediately after achieving a target 
temperature or after the wafer has been kept at the target temperature 
for a prescribed period of time, the ultrasonic electrodes 18 are again 
brought into the position show in Fig. 2a, and the ultrasonic electrode 
16 is controlled in such a way that the wafer 14 is supported over the 
ultrasonic electrode 16 in the short-range field. At this point in time, the 
wafer 14 has a considerably higher temperature, for example 1100°C, 
than does the ultrasonic electrode, for example 650°C, so that the 
ultrasonic electrode 16 now functions as a cooling body. Due to the 
small distance between wafer 14 and ultrasonic electrode 16 in the 
short-range field, there is again a heat conductance between the wafer 
14 and the ultrasonic electrode 16. This enables a rapid cooling of the 
wafer 14 not only via the thermal radiation emitted from the wafer 14 
but also via direct heat conductance into the ultrasonic electrode 16. 
By adjusting the distance between wafer 14 and ultrasonic electrode 
16, it is possible to control the cooling profile in a desired manner. If 
the temperature of the wafer 14 approaches or reaches the 
temperature of the ultrasonic electrode 16, the ultrasonic electrodes 18 
are again moved into the position shown in Fig. 2b in order to space 
the wafer 14 from the ultrasonic electrode 16, which enables a cooling 
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of the wafer below the temperature of the ultrasonic electrode 16. It is, 
of course, also possible to further lower the temperature of the 
ultrasonic electrode 16, for example by passing a cooling fluid through, 
in order to enhance the cooling of the wafer 14. 

Thus, during different phases of a thermal treatment, the ultrasonic 
electrode 16 can be utilized as a heating or as a cooling element, even 
if the temperature of the ultrasonic electrode 16 is kept constant during 
the entire thermal treatment. If the ultrasonic electrode 16 is spaced 
from the wafer 14, as shown in Fig. 2b, a heat exchange between them 
is perceptible by radiation, but the influence thereof is relatively slight. 

After the wafer 14 has again reached a lower target temperature, it is 
removed from the process chamber 10 by an appropriate handling 
device. 

The use of the inventive ultrasonic electrode arrangement thus enables 
a non-contact support of a wafer within a process chamber 10, as well 
as the production of a heat conductance between the wafer 14 and the 
ultrasonic electrode 16 during different treatment cycles. By using the 
ultrasonic electrode arrangement; no foreign bodies are introduced into 
the process chamber 10, so that the process atmosphere is not 
adversely affected by the ultrasonic electrode arrangement 13 during 
the entire thermal treatment. 
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Figures 3a and 3b show an alternative ultrasonic electrode 
arrangement 13, whereby in Figures 3a and 3b the same reference 
numerals are used as is Fig. 2 to the extent that they designate the 
same or equivalent elements. Pursuant to Figures 3a and 3b, the 
ultrasonic electrode arrangement again has a first ultrasonic electrode 
16, which essentially has a peripheral shape that corresponds to a 
semiconductor wafer 14 that is to be treated. Again, two ultrasonic 
electrodes 18 (preferably three) are provided that are angled relative to 
the first ultrasonic electrode 16. In contrast to the first embodiment, the 
first ultrasonic electrode 16 has no recesses into which the second 
ultrasonic electrodes 18 can be moved. Furthermore, the second 
ultrasonic electrodes 18 are also not movable in the vertical direction, 
but rather are movable laterally. In this connection, the second 
ultrasonic electrodes 18 are disposed on a common circular line and 
are movable outwardly relative to a center point of the common circular 
line, and in particular between the positions shown in Fig. 3a and Fig. 
3b. 

In the position shown in Fig. 3a, the semiconductor wafer 14 is 
supported essentially by the second ultrasonic electrodes 18 and is 
centered relative to them. If the second ultrasonic electrodes 18 are in 
the position shown in Fig. 3b, the semiconductor wafer 14 is supported 
exclusively by the second ultrasonic electrode 16. By means of the 
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lateral movement of the ultrasonic electrodes 18, the spacing between 
the wafer 14 and the first ultrasonic electrode 16 can thus be altered, 
whereby it is possible at any point in time to also exert a support force 
upon the wafer 14 via the first ultrasonic electrode 16 if the first 
ultrasonic electrode 16 is operated in the remote field. 

The ultrasonic electrode arrangement 13 of Figures 3a and 3b is 
essentially used in the same manner as the ultrasonic electrode 
arrangement 13 of Figures 1 and 2, whereby an adjustment of the 
spacing between the wafer 14 and the ultrasonic electrode 16 is, 
however, at least partially effected by a lateral movement of the 
ultrasonic electrodes 18. The elimination of the recesses in the 
ultrasonic electrode 16 enables a more homogeneous heating and/or 
cooling of the wafer 14. 

Figures 4a and 4b show a further embodiment of an ultrasonic 
electrode arrangement 13 pursuant to the present invention, whereby 
again the same reference numerals are used as with the first 
embodiment to the extent that they represent the same or equivalent 
elements. 

The ultrasonic electrode arrangement 13 of Figures 4a and 4b again 
has a first ultrasonic electrode 16 having a peripheral shape 
corresponding to the wafer 14. Provided in the first ultrasonic electrode 
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1 6 are recesses for receiving a plurality of second ultrasonic electrodes 
18, preferably at least three. For example, the ultrasonic electrodes 16 
and 18 can be arranged as illustrated in the plan view of Fig. 5. 

The second ultrasonic electrodes 18 are pivotably mounted on the first 
ultrasonic electrode 16 and can be pivoted by a suitable control device. 
Two different positions of the second ultrasonic electrodes 18 relative 
to the first ultrasonic electrode 16 are illustrated in Figures 4a and 4b. 
By changing the angle, the distance between the wafer 14 and the first 
ultrasonic electrode 16 can be altered. Although this is not illustrated in 
Figures 4a and 4b, the ultrasonic electrodes 18 can be pivoted to such 
an extent that they form an essentially flat plane with the first ultrasonic 
electrode 16. 

The ultrasonic electrode arrangement of Figures 4a and 4b is utilized in 
essentially the same manner as the ultrasonic electrode arrangement 
of Figures 1 and 2, whereby an adjustment of the spacing of the first 
electrode 16 relative to the wafer 14 can be effected at least partially 
via pivoting of the second ultrasonic electrodes 18. 

Fig. 5 is a plan view onto an ultrasonic electrode arrangement pursuant 
to Figures 1 and 2 or Fig. 4, In this plan view, one can see an 
ultrasonic electrode 16 having recesses for receiving three second 
ultrasonic electrodes 18. The ultrasonic electrodes can, as with the 
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embodiment of Figures 1 and 2, be movable vertically into or out of the 
recesses, or as with the embodiment of Fig. 4, can be pivotably 
mounted within the recesses. A wafer 14 is furthermore indicated in 
the plan view of Fig. 5 by a dashed line. 

Fig. 6 shows a further, alternative form of an ultrasonic electrode 
arrangement 13, whereby in Fig. 6 again the same reference numerals 
are used as with the previous embodiments. 

The embodiment of Fig. 6 provides a first ultrasonic electrode 16 
having a peripheral shape corresponding to the peripheral shape of the 
wafer 14. Furthermore, at least one second ultrasonic electrode 18 is 
provided that is angled relative to the first ultrasonic electrode 16. This 
second ultrasonic electrode 18 can have a continuous annular shape 
or a plurality, preferably at least three, of ultrasonic electrodes 18 that 
are disposed on a peripheral circle can be provided. The ultrasonic 
electrodes 18 have their radiation surfaces directed toward the first 
ultrasonic electrode 16, and are disposed above the first ultrasonic 
electrode 16. The ultrasonic electrodes 18 are movable vertically or 
laterally in order to enable a semiconductor wafer 14 to be received 
between the ultrasonic electrodes 18. The semiconductor wafer 14 
can be supported either by the ultrasonic electrode 16 or alternatively 
also by the ultrasonic electrodes 18, whereby in this case the wafer is 
essentially suspended on the ultrasonic electrodes 18 via ultrasound. 
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However, this is possible only if the ultrasonic electrodes 18 are 
operated in the so-called remote field. 

An adjustment of the spacing between wafer 14 and the ultrasonic 
electrode 16 can be effected either by a movement of the ultrasonic 
electrodes 16 or 18 or by appropriate control of the first ultrasonic 
electrode 16 (switching between remote field and short-range field) or 
of the ultrasonic electrodes 18. 

The ultrasonic electrode arrangement 13 of Fig. 6 is used in the same 
manner as the ultrasonic electrode arrangement 13 of Fig. 1 . 

Fig. 7 again shows a cross-sectional illustration of a rapid heating unit 
1 having a housing 3 and upper and lower banks of lamps 4, 5. Upper 
and lower quartz windows 7, 8 are again provided for the formation of a 
process chamber 10. However, instead of an ultrasonic electrode 
arrangement 13 that is comprised of at least two separate ultrasonic 
electrodes, pursuant to Fig. 7 only a single ultrasonic electrode 20 is 
provided for the support of a wafer 14 in the process chamber 10. The 
ultrasonic electrode 20, which is shown enlarged in Fig. 8, has a first, 
upwardly facing ultrasonic radiation surface 21 that has a peripheral 
shape corresponding to the wafer 14. Adjoining this planar radiation 
surface 20 radially outwardly is a second ultrasonic radiation surface 
22 that is angled relative thereto. The angle between the planar 
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radiation surface 21 and the angled radiation surface 22 is preferably 
between 0.5 and 10°, although a larger angle is illustrated in Fig. 8. 
The ultrasonic radiation surfaces 21, 22 can be controlled either 
together or also separately by a suitable control unit. In contrast to the 
preceding embodiments, the planar ultrasonic radiation surface 21, and 
the ultrasonic radiation surface 22 that is angled relative thereto, are 
stationary relative to one another during the entire operation of the 
apparatus. A change in spacing between the wafer 14 and the planar 
ultrasonic radiation surface 21 is effected exclusively via an appropriate 
control of the respective ultrasonic radiation surfaces and an 
appropriate switching between a remote field and short-range field 
operation - 

The ultrasonic electrode 20 is again embodied as a heating/cooling 
body, or is in thermally conductive contact with such a body. As with 
the first embodiment, suitable means can be provided for the 
heating/cooling of the ultrasonic electrode 20. 

The ultrasonic electrode 20 is essentially used in the same manner as 
are the previously described ultrasonic electrodes, whereby an 
adjustment of the spacing between wafer 14 and ultrasonic electrode is 
effected via an appropriate control thereof, as mentioned. 
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Fig. 9 shows an alternative embodiment of a one-piece ultrasonic 
electrode 20, whereby the same reference numerals are used as in 
Fig. 8. The ultrasonic electrode 20 again has a planar ultrasonic 
radiation surface 21 that corresponds to the peripheral shape of the 
wafer 14. Radially adjoining this ultrasonic radiation surface is an 
upwardly curved ultrasonic radiation surface 22 that by appropriate 
control effects a centering of the wafer 14 relative to the ultrasonic 
electrode 20. 

Figures 10 and 11 show an alternative ultrasonic electrode 
arrangement 25. The ultrasonic electrode arrangement 25 has a first 
ultrasonic electrode 26 that has a peripheral shape corresponding to 
the peripheral shape of a wafer 14. Provided in the ultrasonic 
electrode 26 are four recesses 27 that are uniformly distributed about 
the periphery. The function of the recesses 27 will be explained in 
greater detail subsequently. 

The ultrasonic electrode arrangement 25 furthermore has four second 
ultrasonic electrodes 29, which are provided with radiation surfaces 
that are inclined relative to the first ultrasonic electrode 26. The four 
second ultrasonic electrodes 29 are mounted on the inner periphery of 
a temperature-compensation ring 30. The temperature-compensation 
ring 30, together with the ultrasonic electrodes 29, is vertically 
movable, although it would, of course, also be possible to make the 
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temperature-compensation ring 30 stationary and to mal<e tlie 
ultrasonic electrode 26 vertically movable. 

The second ultrasonic electrodes 29 are aligned with the recesses 27 
of the first ultrasonic electrode 26 and, as shown in Fig. 11b. can be 
moved into the recesses 27. 

In this way. it is possible to adjust the spacing between a wafer 14 and 
the ultrasonic electrode 26. 

The ultrasonic electrode anrangement 25 is essentially used in the 
same manner as is the ultrasonic electrode arrangement of Fig. 1 . 

Figures 12 and 13 show a further embodiment of the present invention. 
In Figures 12 and 13 the same reference numerals are used as with 
the preceding embodiments to the extent that they reference identical 
or similar elements. 

Fig. 12 shows a schematic sectional view of a rapid heating unit 1 
having a housing 3 and upper and lower banks of lamps 4. 5. Provided 
in the housing are upper and lower quartz windows 7, 8 that, as with 
the first embodiment, fomi a process chamber 10. Provided within the 
process chamber 10 is an ultrasonic electrode 40, which is Illustrated 
enlarged in Fig. 13. The ultrasonic electrode 10 comprises a main 
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body 42 that is in tlie form of a heating/cooling body. Applied to the 
main body 42 is a coating 44 that serves as the actual ultrasonic 
electrode. The main body 42 essentially has the shape of the 
ultrasonic electrode 20 of Fig. 8. together with an appropriate coating 
5 44. However, it is also possible to provide a configuration having 

separate ultrasonic electrodes. 

The main body 42, as well as the coating 44, are made of a material 
that is transparent for the radiation of the lamps 6 of the bank of lamps 
10 4.5. 

Provided in the region of the lower bank of lamps 5 is a plurality of 
lamps 46 that differ from the lamps 6 of the bank of lamps 5 and which 
radiate with a different wavelength. The material of the main body 42 

15 and/or of the coating 44 of the ultrasonic electrode 40 is not 

transparent for the radiation of the lamps 46, and can therefore be 
heated by the radiation of the lamps 46. The lamps 46 thus provide the 
possibility for an initial heating of the ultrasonic electrode 40 during a 
heating phase of a thermal treatment of a wafer 14. The operation of 

20 the rapid heating unit 1 essentially corresponds to the operation of the 

rapid heating unit 1 of Fig. 1 , whereby an initial heating of the ultrasonic 
electrode 40 is essentially effected by the lamps 46 in order to bring the 
wafer 14 to a first target temperature of, for example, 650°C. 
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In the previously described embodiments, it is additionally possible to 
provide devices for rotating the wafer 14 within the process chamber. 
In this connection, a rotation can be induced by rotating one or more of 
the ultrasonic electrodes. Furthermore, the ultrasonic electrodes can 
be controlled in such a way that they produce a rotating sound field in 
order to rotate the wafer. A gas stream that is directed onto a surface 
of the wafer 14 or onto the rim of the wafer could also effect a 
corresponding rotation. In this connection, oppositely directed gas 
nozzles can be used for the acceleration and slowing down of the 
wafer 14. Instead of the inclined ultrasonic electrodes, a gas stream 
can also be used for the lateral positioning or centering. Appropriate 
gas nozzles can, for example, be integrated in a heating/cooling body, 
the electrodes, or the compensation ring, or can be separately 
provided. 

The invention has been explained with the aid of special embodiments 
of the invention, without thereby being limited to these special 
embodiments. In particular, it is possible to replace or combine 
features of the various embodiments with one another to the extent that 
they are compatible. 
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